BACKGROUND/OBJECTIVES: Nutritional risk screening (NRS-2002) and routine clinical laboratory measurements (RCLMs) had been shown to have a predictive value in adverse outcomes in some studies, respectively. This study analyzed the association between NRS-2002 and RCLMs and estimated their prospective value in predicting adverse outcomes. SUBJECTS/METHODS: A total of 916 hospitalized patients were screened on admission with NRS-2002 and Subjective Global Assessment; RCLMs, which include blood test, kidney and liver function and electrolytes, were recorded. Diagnosis, nutritional support, surgery, radiotherapy, chemotherapy, complications, mortality and hospital stay during hospitalization were collected. The X 2 -test, odds ratios with 95% confidence intervals, kappa (k) statistic and regression analyses were conducted. RESULTS: An overall 48.1% of the 916 patients were at nutritional risk on admission. Comparing 'at risk' with 'no risk', a significantly higher incidence of abnormality was found not only in nutritional markers but also in other parameters of RCLMs (OR ranged from 1.5 to 3.5). Regression analyses showed that 'at risk' determined at admission was not a significant predictor of adverse outcomes after adjusting for other confounding factors, although it was a strong predictor in univariate analysis, whereas hypoalbuminemia, low total lymphocyte count, abnormality of hepatic and renal function were predictors after adjusting for confounders. CONCLUSIONS: The findings suggest that NRS-2002 might be a global index of 'sickness' rather than be only a nutritional screening tool. It being rated once at admission is insufficient and should be repeated for using it as a predictor, whereas RCLMs routinely measured at admission may be able to be used to predict adverse outcomes.
INTRODUCTION
Although the prefix mal refers to both over and under, because of poor appetite and absorption caused by illness, malnutrition was often mentioned virtually synonymously with undernutrition in hospitals, and its prevalence has been reported between 10 and 80% depending on the population, pathology and test used. 1 Malnutrition has been associated with higher rates of complications, increased length of hospital stay and ICU stay, increased morbidity and mortality and increased treatment costs. [2] [3] [4] [5] Thus, special attention should be paid to patients' nutrition status, and proper nutritional support should be adopted timely to prevent the adverse outcomes.
Malnutrition should be identified before nutritional treatment. Out of more than 70 screening methods in existence, nutritional risk screening (NRS)-2002 is recommended by European Society of Parenteral and Enteral Nutrition for identifying patients at nutritional risk who may benefit from nutritional support in a hospital setting. NRS-2002 is straightforward, quick and easy to use, highly reliable and reproducible and has high practicability in different patient populations. NRS-2002 had been shown to have a high sensitivity (62%) and specificity (93%) in identifying malnutrition, and its score predicts clinical outcomes. 3 However, nutritional screening is not part of the routine procedures in hospitals, and nutritional support is taken into consideration by some doctors only when a patient cannot eat, undergoes surgery, becomes skeletonized or has very low albumin and hemoglobin level. To improve further clinical nutrition supporting work, we conducted this study to explore the prevalence of malnutrition and nutritional support status in Wuhan Tongji Hospital.
Routine clinical laboratory measurements (RCLMs) had been demonstrated to have predictive value on mortality in older persons in the general population. 6 The levels of serum albumin and cholesterol measured at hospital admission are predictors of in-hospital death, nosocomial infection and length of stay. 7 Serum cholesterol, albumin, creatinine, hemoglobin and lymphocyte count that are nutritional makers are epidemiologically useful and correlate with morbidity and mortality. 8 Given that NRS-2002 is a rapid and simple process conducted in busy clinics and RCLMs are routinely measured at hospital admission, we analyze the association between them and test their prospective value in predicting adverse outcomes. measured at hospital admission were included in the study. We excluded patients who were clinically unstable, were pregnant or with a hospital stay o3 days. A total of 916 patients (551 men and 365 women), who had a mean age of 49 ± 15.9 years (range: 18-88 years) were finally studied.
Patients were weighed and measured on admission. In the case of a patient unable to get actual weight, estimation was used instead. Sex, age, date of hospital admission, diagnosis, RCLMs, nutritional support, surgery, application of radiotherapy and chemotherapy, complications, mortality and date of discharge were collected.
Nutritional assessment
The nutritional state assessment was performed on admission, assessing on the following items: NRS-2002, Subjective Global Assessment (SGA), nutritional markers in RCLMs and a combined index.
NRS-2002. NRS-2002
was conducted according to the guideline provided by the European Society of Parenteral and Enteral Nutrition. 9 As patients with the same diagnosis does not always mean the same severity, the severity of disease score is mainly based on the prototypes for severity of disease as described in the guideline. Patients are classified as no risk (NRS score o3) or as at risk (NRS score ⩾ 3).
Subjective Global Assessment. SGA was classified as outlined by Detsky. 10 Weight loss pattern was considered, if an improvement in appetite and a recent weight gain that was neither caused by edema nor by tumor mass was observed, the patient was classified as being well nourished, even if the net loss was between 5 and 10% in 6 months. It was instructed to be less sensitive and more specific in assessment, therefore the patient was classified as well nourished if he had been well before but had been experiencing reduced intake recently because of acute disease. On the other hand, we classified the patient as malnourished if severe physical signs of undernutrition were exhibited even though the food intake and weight were stabilized.
Nutritional markers in RCLMs. Low level of serum total cholesterol, serum albumin, serum creatinine, hemoglobin or total lymphocyte count is a marker of malnutrition. These markers were obtained from RCLMs examined by the Department of Clinical Laboratory of Wuhan Tongji Hospital. Normal range for cholesterol, albumin, creatinine, hemoglobin and lymphocyte count was set at 2.9-5.2 mmol/l, 35-55 g/l, 44/53-97/ 106 μmol/l, 110/120-160 g/l and 0.8-4 × 10 9 /l, respectively.
A combined index. If the patient is indicated as malnutrition according to at least four out of the seven following indicators, low total cholesterol, hypoalbuminemia, anemia, low serum creatinine, low total lymphocyte count, the NRS-2002 score ⩾ 3 and malnutrition assessed by SGA, he/she was categorized as malnourished by the combined index.
Definition and classification of variables in multiple logistic regression analyses
Grading of surgery. Briefly, grade 0-no surgery; grade 1-surgery with small incision, such as laparoscopic cholecystectomy, thyroidectomy, inguinal hernia repair, etc; grade 2-surgery with large incision--for example, liver transplants, total gastrostomy, coronary bypass surgery, etc.
Grading of nutritional support during hospitalization. Grade 0-no support; grade 1-intravenously administered vitamins, amino acids or sugar (except 5% glucose used for medical preparation) alone or together for o5 days; grade 2-intravenously administered as in grade 1 but for 45 days or intravenously administered fat with vitamins, amino acid or sugar together ( ⩾ 500 kcal per day) for o5 days; grade 3-intravenously administered fat with vitamins, amino acids or sugar together for 45 days or enteral nutrition (⩾500 kcal per day) for 45 days(Enteral nutrition for o5 days was not taken into account, as too few patients received that in this study).
Grading of laboratory indexes in RCLMs. In multiple logistic regression analysis, the independent variables should not have a high degree of correlation between each other and should associate with the dependent variable (has statistics significance by the X 2 -test), hence the laboratory indexes were selected and graded in the model as shown in Table 1 .
Definition of adverse outcomes. A complication was defined as outlined by Naber.
11 In this study, we used prolonged length of stay (greater than four times the mean length of stay for each departments 12 ), complication and death as proxies of adverse outcomes. The incidence of adverse outcomes was the number of patients in a group divided by the number of patients who had adverse outcomes in the same group.
Statistical analysis
Statistical analysis was performed with SPSS 17.0 (SPSS Inc.,Chicago, IL, USA). Categorical variables were expressed as percentage and analyzed by the X 2 -test. Odds ratios (ORs) with 95% confidence intervals were calculated for the ratios of abnormalities of RCLMs and the incidence of adverse outcomes in 'NRS ⩾ 3' compared with 'NRSo3' patients. Sensitivity, specificity and predictive values were calculated to evaluate Table 1 Abbreviations: ALB, albumin; Hb, hemoglobin level; Lym, lymphocyte counts; RCLM, routine clinical laboratory measurement; TC, total cholesterol; WBC, white blood cell counts. Renal function was reflected by creatinine (Cr). Liver function was reflected by alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) or bilirubin (bil). Electrolytes were potassium (K), chlorine (Cl), sodium (Na) and calcium (Ca). 1-3 ULN means 1-3 times the upper limit of normal (ULN). As for electrolyte abnormality grading, if more than one electrolyte is abnormal, only the highest-ranked abnormality is used in regression analyses.
the nutritional indicators according to the combined index. The kappa (k) statistic was used to measure agreement between nutritional indicator and the combined index (0 ⩽ k ⩽ 1, the larger k-value, the better agreement).
To analyze the association between the independent variables (nutritional risk and RCLMs) and the dependent variable (incidence of adverse outcomes), multiple logistic regression analysis was performed. Results were considered statistically significant if Po0.05.
RESULTS
The prevalence of nutritional risk and the nutritional support status Of the total 916 patients, 503 patients were from surgical wards and 413 patients were from medical wards. Nearly 60% of the total patients were admitted for nontumor diseases, 32% for malignant tumor and 8% were for benign tumor. An overall 48.1% of the total patients were at nutritional risk at admission. No difference was found between the risk rate in surgical wards and that in medical wards (47.9% versus 48.4%). The risk rate was higher in malignant tumor patients than that with benign tumor and that of nontumor (54.9% versus 40% and 45.8%, P = 0.014). With respect to diseases of different categories, nutritional risk varied greatly from 6.1% to 80.6% as presented in Figure 1 .
In the time of admission, 13.5% (64 of 475) of the 'no-risk' patients received nutritional support. Of the 64 patients, 42 patients received grade 1, 12 patients received grade 2 and 10 patients received grade 3 support. Of the 'at-risk' patients, 43.5% (192 of 441) received nutritional support, including 34 cases of grade 1, 71 cases of grade 2 and 87 cases (19.7%) of grade 3. The proportion of subjects in each categorical variable levels of NRS score was listed in Table 2 , and recent dietary intake was the most powerful trigger for nutritional support, followed by severity of disease and recent weight loss in descending order (standardized coefficient correlation was 0.355, 0.182 and 0.104 accordingly, all P o 0.001), whereas BMI was not a trigger.
Comparison of nutritional markers with NRS-2002 in identifying malnutrition by the combined index According to the combined index, 21.1% of the patients were malnourished. The frequency of malnutrition was highest as indicated by NRS-2002 (48.1%), followed by anemia (36.4%), SGA (35.8%), hypoalbuminemia (34.2%), low serum creatine (18.7%), low total lymphocyte count (11.3%) and low total cholesterol (10.1%) in the descending order. In comparison with nutritional markers in RCLMs, NRS-2002 has a higher sensitivity (94.5%) and less specificity (63.9%) in identifying malnutrition. Kappa (k) statistic revealed that SGA had the best agreement with the combined index (k = 0.513; Table 3 ).
Association between nutritional risk and RCLMs and adverse outcomes The X 2 -test and ORs with 95% confidence intervals showed that 'NRS ⩾ 3' (versus NRS o 3) was associated with a significantly higher incidence of abnormality of the laboratory indexes and the ORs for the incidence of abnormality increased from 1.5 times in uric acid to 3.5 times in serum albumin as shown in Table 4 .
Although by the X 2 -test and ORs calculation, the OR for incidence of adverse outcomes in 'NRS ⩾ 3' compared with 'NRS o3' patients was 2.3 (95% confidence interval: 1.6-3.2; 28.6% in 'NRS ⩾ 3' versus 14.6% in 'NRS o 3', P = 0.000), and a significantly higher incidence of adverse outcomes was also found in the 'abnormal laboratory index' compared with the 'normal laboratory index' (OR ranged from 1.1 to 3.4), several variables could confound this relation. The major potential confounders were nutritional support, surgery and application of radiotherapy or chemotherapy during hospitalization; hence, we entered those variables in the multiple logistic regression analysis. The analysis showed that nutritional support, radiotherapy or chemotherapy, serum albumin, total lymphocyte count, hepatic function and renal function were significantly related to the incidence of adverse outcomes (Table 5) .
DISCUSSION
The present study might be the first investigation that reports objective correlations between nutritional risk and RCLMs and adverse outcomes. It further confirmed previous observations Figure 1 . Prevalence of nutritional risk in diseases of different categories (%). It showed that nutritional risk rate diverged among diseases of different categories being highest in serious trauma and lowest in thyroid breast surgical disease (P = 0.000). 7, 13 and demonstrated the predictive value of RCLMs in predicting adverse outcomes.
According to NRS-2002, 48.1% of patients were at nutritional risk on admission. The nutritional risk rate in this study is consistent with that reported in a recent review, which documented that 30-50% of patients in general hospitals were malnourished.
14 No differences were found in the risk rate between medical and surgical departments. Our result was remarkably similar to that of Naber et al. 11 and Vidal et al. 15 However, in Velasco et al. study, 16 a lower prevalence was found in surgical patients than in medical patients, which may be because most of these patients were admitted to the hospital for elective surgery in his study, as the risk rate was significantly lower in patients with grade 1 surgery than that with grade 2 surgery (39% versus 69.7%, P = 0.000) in our study. Naber 11 and Rocandio Pablo 17 suggested that cancer weighed heavily in the diagnosis of malnutrition. Similarly, in this study, the risk rate was higher in cancer compared with other diseases, and, if patients with thyroid or breast cancer were excluded, the risk rate would be higher. As expected, nutritional risk is high in those disordered organ systems that may cause reduced oral intake and impaired gastrointestinal function. Significant differences in risk rate between diseases of different categories suggested that malnutrition was the result of the underlying disease. Estimated nutritional risk rate in this study would provide information for malnutrition prevalence studies. If malnutrition prevalence of each kind of disease, more specifically, of each severity degree, is established, it will be of great value. Such data would help clinicians distinguish malnutrition from underlying disease and allocate scarce resources where it is most needed.
About 30% patients had a weight loss 45% in 3 months, 48.7% had reduced food intake, with 20% having o 1/4 and about 15% had a BMI o 18.5 in this study. Our results are similar to that of Vidal et al. 15 and Mercadal-Orfila et al. 1 Among the obvious triggers for nutritional support (BMI, recent weight loss, recent dietary intake and severity of disease), reduced dietary intake was the most powerful trigger for nutritional support in this study. The patient was most likely to benefit from nutritional support when the NRS score depended mainly on the score of reduced oral intake. 4 Actually, some patients were classified as at risk only because of BMI o18.5, without indication of malnutrition by any nutritional markers, and incidence of adverse outcomes was not increased in these patients in this study; moreover, in severe heart failure, a low BMI is adaptive as it reduces cardiac output and oxygen consumption. Some patients were classified as at risk only because of unintentional weight loss that was caused by diseasefor example, serious diabetes mellitus. It is suggested that NRS-2002 classification was inferior to a single nutritional variable-namely, the recent dietary intake change for identifying patients at nutritional risk who may benefit from nutritional support just as Kuppinger claimed. 18 The definition of nutritional support is inappropriate in this study as it is defined as nutrients administered that contain a combination of amino acids, carbohydrate and fat with nonprotein calories of at least 10 kcal/ kg/day according to the guideline of the European Society of Parenteral and Enteral Nutrition; however, the duration is not defined, and Zhu-Ming Jiang defined it as at least 3 days in his study. 4 In fact, it is impossible to define precisely the characteristics of an adequate regimen of nutritional support that must reach a compromise between a regimen of sufficient intensity and duration to normalize body composition and a regimen of such brevity that no detectable improvement in any malnutritionrelated risk factors can be detected. 19 It is concluded that the nutritional support was insufficient in the clinic, given that only 19.7% of at-risk patients and 60% of patients with reduced oral intake o1/4 recently were given grade 3 nutritional support.
This study first combined NRS-2002 and SGA with nutritional markers to produce a combined index used as a 'gold standard'. Although it is somewhat arbitrary and open to criticism, it is not groundless as González Madroño et al. 20 and Brugler et al.
21
created nutritional screening tools that were based on nutritional markers in RCLMs, and they demonstrated substantial agreement between the created tools and SGA or the occurrence of malnutrition-related complications. Compared with other nutritional markers, NRS-2002 has better sensitivity and poorer specificity, which further confirmed that patients identified through NRS-2002 as 'at risk' should subsequently be referred for further nutritional assessment to avoid being falsely classified as malnourished. Our results were similar to that of González Madroño et al. 22 who found a sensitivity (27%) and specificity (91%) of low total lymphocyte count (o 0.8 × 10 9 /l) and a sensitivity (18%) and specificity (98%) of low total cholesterol (o 2.5 mmol/l) according to SGA. One reason for the low sensitivity of nutritional markers was low cut points set for malnutrition, another reason was that these markers can be affected by many factors other than malnutrition such as inflammation, some drugs (corticosteroids, insulin, thyroid hormone, and so on), renal and liver disease. Further researches need to be conducted on validity of the marker in identifying malnutrition under specific condition to provide useful information regarding nutritional status.
In this study, it is demonstrated that 'at risk' not only correlates with increased incidences of abnormalities of nutritional markers in agreement with prior studies but also closely relates to abnormalities of other parameters of RCLMs, which suggested that NRS-2002 provides a global index of 'sickness' rather than be a nutritional screening tool only just as Jeejeebhoy 23 said of SGA. After adjusting for confounders, not 'at risk' determined at admission but nutritional support degree during hospitalization was significantly associated with adverse outcomes. It might be because patients' nutritional risk varies in the medical curriculum, it being rated once at admission is insufficient and should be repeated for using it as a predictor, whereas nutritional support grading during hospitalization is a better reflection of degree and duration of nutritional risk during hospitalization. It reminds us that it is important to select homogeneous patients in a nutritionintervention outcome trial study, otherwise any potential benefit achieved by nutritional support will be obscured. Consistent with prior studies, our study further confirmed the value of lymphocyte count and albumin in predicting adverse outcomes and the rationality of some nutritional assessment tools derived from an equation, including serum albumin and lymphocyte count, as the purpose of nutritional screening tools is to identify those patients who are at nutritional risk and therefore at higher risk of complications. The predictive value of liver function and renal function highlights the importance of RCLMs.
This study has limitations that warrant consideration. First, lymphocyte count o1.5 × 10 9 /l is defined as malnutrition in other literatures, as the lack of validation of such definition in chinese, o0.8 10 9 /l is defined as malnutrition based on normal range used in clinic, this may influence the efficacy of the combined index. Second, the grading of some variables in multiple logistic regression analysis is too general. This would miss some valuable information. Third, patients being monitored intensively and rich clinical experience are required to make sure whether the complication is really a complication without being related specifically to the existing illness or a co-morbidity existing without discovered on admission. This is difficult to perform well in a study of a large sample of heterogeneous patients. Fourth, as logistic regressions are notoriously unstable, the associations demonstrated in this study need to be further confirmed in future study.
In conclusion, we showed that there are significant associations between nutritional risk and RCLMs and adverse outcomes; however, 'at risk' determined at admission was insufficient for using it as a predictor and nutritional support degree during hospitalization was significantly associated with adverse outcomes in circumstances in which nutritional support was insufficient. After adjusting for confounders, hypoalbuminemia, low total lymphocyte count, abnormality of hepatic and renal function are predictors of adverse outcomes. In the absence of an ideal nutritional indicator to monitor the validity of nutritional treatment, it would be of value if these predictors can be improved with nutritional support.
